Abstract: Four novel mix ligand complexes of manganese(II), iron(III), cobalt(II) and nickel(II) with dibasic tetra dentate Schiff base ligand BENZOEN and 1, 10-phenanthroline have been synthesized with the general composition of [M(BENZOEN)(1,10-phen)], where M = Mn(II), Co(II), Ni(II) and [Fe(BENZOEN)(1,10-phen)]Cl. The synthesized ligand and complexes were characterized on the basis of elemental analysis, molar conductance, magnetic susceptibility, ESI-MS spectrometry, electronic spectra, FT-IR, 1 H NMR and 13 C NMR spectroscopy. Theoretical computation and combined experimental theoretical characterization were carrying out by Gaussian 09 software package using density functional theory (DFT) method to confirm the geometry of the investigated compounds. Additionally, molecular electrostatic potential map (MEP), HOMO, LUMO, NBO and Mullikan charge analysis were also been performed. Spectroscopic chracterization and DFT study proposed a distorted octahedral structure of complex 1-4. In vitro biomimetic catalase activity of the ligand and complexes was done by measuring amount of dioxygen evolve. Saturation kinetics of H 2 O 2 decomposition was fitted to the Michaelis-Menten equation and Lineweaver-Burk plot. The antibacterial activity of the ligand and complexes against Escherichia coli shows complexes were found more potent than the BENZOEN. MIC of complexes shows that complex 2 is more active than other complexes even at lower concentration.
Introduction
. In human as a byproduct of respiration, digestion and other every day biological activities various reactive oxygen species (ROS), produced in the body such as hydrogen peroxide, which is responsible for "oxidative stress". It is a biological poison and it attacks tissues, membranes and behave as lethal agents against cell structure and functioning leading to irreversible cell damage and severe pathologies. Catalase is enzymes that protect cells from oxidative damage by scavenging the hydrogen peroxide or superoxide radicals produced during dioxygen reduction [8] [9] [10] .
Various structural models of manganese, iron, cobalt and nickel containing enzymes have helped a lot in exploring various aspects of transition metal complex chemistry on the basis of structure, electrochemical and magnetic properties which in turn had give rise in the development of these complexes with instant applications in magnetic, biochemical and catalytic chemistry [11] [12] [13] . In the last five years aromatic, N, N-ligands, 1,10-phenanthroline and its various derivatives have been studied extensively due to their versatility and diverse biological properties i.e., antibacterial, antifungal, antiviral and anti-micoplasma [14] [15] [16] . Benzoin and ethylenediamine have also exhibit immense synthetic and analytical applications 17, 18 . Furthermore, with increasing of microbial resistance to current antibiotics, there is continues demand for developing new antimicrobial agents. In this way, many Mn(II), Fe(III), Co(II) and Ni(II) complexes have been reported as more effective antimicrobial agents 19 . Therefore, in anticipation of good reactivity and biological activity we thought it will be worthy to synthesize a symmetric ligand by reaction of benzoin with linker ethylenediamine and its complexes with selected transition metals viz., manganese, iron, cobalt and nickel. The resulting complexes will be characterized spectroscopically and explored for their biomimetic catalase like activity, anticorrosive and antibacterial activity.
Experimental
Ethylenediamine, benzoin, manganese(II) chloride, ferric(III) chloride, cobalt(II) chloride, nickel(II) chloride and 1, 10-phenanthroline (All E. Merck). Analytical reagent grade solvents were distilled before use. Conductivity measurements were carried out at 25 o C on an EI-181 conductivity bridge with dipping type cell. ESI-MS spectra were recorded on Agilent-6520 (Q-TOF) mass spectrometer. FT-IR spectra were recorded in KBr pellets on Shimadzu -8400 PC. Electronic absorption spectra were recorded in EI-2305, double beam spectrophotometer equipped with a PC.
1 H NMR and 13 C NMR spectrum was recorded in Bruker Avance 400 (FT NMR). The metal contents were analyzed gravimetrically by the literature procedure 20 .
Synthesis of (2Z)-2-((E)-2-(1,2-diphenylethylideneamino)ethylimino)-1,2-diphenylethanol (BENZOEN)
Benzoin (4.24 g, 0.02 mol) in 25 mL methanol was added in solution of ethylenediamine (0.67 mL, 0.01 mol) in 10 mL of methanol in a flat bottom flask and the resulting mixture was stirred for 1 h. Thereafter, reaction mixture was kept under reflux for 14 h in an inert atmosphere. Progress of the reaction was monitored by TLC. After completion reaction, mixture was concentrated by evaporating the solution to half of its volume. The concentrated solution was poured into crushed ice. A brownish yellow solid was obtained, it was filtered off, washed several times with methanol and recrystallized from 1:2, methanol: water. Crystalline brownish yellow solid was obtained which was dried in a esiccators over anhydrous calcium chloride under vacuum. 
DFT Calculation
The DFT calculations were perform using the Gaussian 09W suite method using B3LYP three parameter density functional theories, which includes Becke's gradient exchange correction, and Lee, Yang, Parr correlation function. The gas phase geometry of BENZOEN and complex 1-4 were fully optimized with respect to the energy using the B3LYP 6-31+g(d,p)/LANL2DZ basis set. The charge distribution on the atomic sites was computed using natural bond orbital (NBO) and Mulliken charge. Distribution of electronegative and electropositive atoms over the molecule was presented by the molecular electrostatic potential (MEP) maps. The optimized structural parameters such as bond lengths and bond angles were determined with the atom numbering scheme of the molecule. The electronic properties and quantum chemical properties of all the compounds have been calculated [21] [22] [23] [24] . Chem Sci Trans., 2018, 7(4), 538-557
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Anticorrosion activity
Anticorrosion activity of BENZOEN and complex 1-4 was done by weight loss measurement method. The mild steel specimens cut into 3×4×0.05 cm 3 were abraded successively with different grades of emery paper, washed with distilled water, cleaned with acetone, dried, weighed and kept in a moisture free atmosphere. The corrosive media, 0.5 M of HCl was prepared by dilution of analytical grade HCl of predetermined normality with triple distilled water. Anticorrosive solutions were prepared by dissolving 50 ppm of BENZOEN and complex 1-4 in 5 mL DMSO were added in electrolyte HCl at room temperature. Immerse the steel specimens in prepared solutions. The specimens were taken out from electrolyte washed and rinsed thoroughly several times with distilled water, cleaned using acetone, dried and reweighed on a digital balance with sensitivity of 0.001 g, after every 6, 12 and 24 h. The weight loss was calculated as the difference in weight of the specimen before and after immersion in corrosion media. The corrosion rate (CR) in mg cm -2 h -1 was calculated from the following equation:
Where, ∆W is average weight loss, s is the total area of the specimen and t is the immersion time. From the corrosion rate thus obtained, the inhibition efficiency (η %) and surface coverage (θ) was calculated as follows:
Where, CRº and CR are the corrosion rates of mild steel specimens in the absence and presence of inhibitor respectively 25 .
Biological studies Catalase-like activity
H 2 O 2 disproportionation reactions and its kinetics
The catalase-like activity was observed by measuring the volume of O 2 produced during the reactions of the ligand/ complex 1-4 with H 2 O 2 and compared with yeast catalase. The mini reactor is a Kitassato flask (100 cm 3 ) which was magnetically stirred and closed with a rubber septum and connected to a tank filled with water. This was arranged in a manner that the water will be pushed out as oxygen fills the tank. Volume of evolved dioxygen were measured for 14 min at two minute time intervals. In the first set of experiment, 5 mL yeast suspension in distilled water was added to the reactor through the septum. Thereafter, 20 mL aqueous solution of H 2 O 2 , (8 mmol, 30%) was injected into it through the rubber septum with a syringe. Similarly, 20 mL of H 2 O 2 was added through the rubber septum with the help of a syringe to the 5 mL solution of ligand/complex 1-4 in CH 3 CN (1 mmol). The experiment was repeated for highly efficient complex on different concentration. All the experiments were performed at room temperature at 25 ºC.
The kinetics study of hydrogen peroxide disproportionation was varied to determine the dependence of the initial rate on the dioxygen evolution. The velocity for catalase-like activity of the complex 1 was obtained by time dependent measurement of decomposition of hydrogen peroxide to water and evolved dioxygen.
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Chem Sci Trans., 2018, 7(4), [538] [539] [540] [541] [542] [543] [544] [545] [546] [547] [548] [549] [550] [551] [552] [553] [554] [555] [556] [557] In Vitro antibacterial screening Ligand BENZOEN and complex 1-4, were screened for antibacterial activity against gram negative bacteria Escherichia coli, (ATCC no. 35218) at different concentration. Agar well diffusion method was used for antibacterial screening as discussed earlier 26 . In order to observe the activity and confirm the sensitivity, BENZOEN and complex 1-4 were tested for minimum inhibitory concentration (MIC). The most popular method for MIC evaluation, commonly used in clinical laboratory is successive dilution method as discussed earlier 27 . UV-Vis spectra of BENZOEN ( Figure 3 ) exhibit two absorption bands at about 280 nm and 360 nm. The band of medium intensity at 280 nm was assigned to the intra-ligand π→π* transition for (>C=N-) imine nitrogen. The strong band at 360 nm was attributed to n→π* transition associated with aromatic ring. (Figure 4 ) displayed seven singlets, two triplet and one doublet in aromatic region. Singlets centered at δ 7.980, δ 7.938, δ 7.890, δ 7.800 and δ 7.798 ppm were attributed to 2H each, respectively. However, singlet at δ 7.239 and δ 7.102 were assigned for 1H each. Two triplet between δ 7.664-7.653 and 7.004-6.995 ppm were attributed for 6H with a coupling constant (J) 2.8 Hz, 1.6 Hz, 2.4 Hz and 1.2 Hz respectively. One doublet centered at δ 7.453 ppm was assigned for 2H. A singlet observed at δ 4.03 ppm for four protons was attributed for two methylenic group and another singlet at δ 3.40 ppm, assigned for two protons of C-H moity. A singlet observed at δ 12.03 ppm for two protons was assigned for phenolic (-OH) proton. 
Results and Discussion
Characterization of ligand
Characterization of complexes
The stoichiometries of the complexes were in agreement with elemental analyses data. . The peak at m/z 687.45 was due to pseudomolecular ion. ESI-MS of complex 1 is shown in Figure 7 . attributed to ν(CH 2 -CH 2 ) group. FT-IR spectra of complex 1 is given in Figure 8 . The free ligand exhibited two strong absorptions bands at 280 and 360 nm which was due π→π* and n→π* transitions. In complexes absorption band in the range between 240-260 nm and 320-440 nm were attributed to π→π* and n→π* transition associated with (>C=N-) imine nitrogen and intra ligand charge transfer respectively. The bathochromic shift of this absorption upon complexation was due to the donation of a lone pair of electrons to the metal ion, indicating the coordination of imine nitrogen. These transitions were shifted to higher or lower frequencies may be due to the ligand to metal and metal to ligand charge transfer 31 . Complex 1 exhibits magnetic moment of 2.45 B. M. which indicate that complex was low spin with one unpaired electron in Mn(II) probably due to presence of a strong field ligand 1, 10-phenanthroline. The complex 1 exhibit (Figure 9 ) three absorption bands at 740, 640 and 540 nm attributed to 
Geometry optimization
Determination of the molecular structure of complexes in the absence of single crystal structure, geometry optimization is the first and foremost computational step that is run to get energy minimal state of a compound. The BENZOEN and complex 1 geometrically optimized and the results have furnished the total energy E (RB3LYP) equal to -1412.02 a.u. and -2093.72 a.u. respectively. The different geometrical parameters viz., bond lengths, bond angles and dihedral angles were obtained and shown in Table 1 
Quantum chemical parameters
The calculated values of the following quantum chemical parameters: the highest occupied molecular orbital energy (E HOMO ), the lowest unoccupied molecular orbital energy (E LUMO ), the difference between HOMO and LUMO energy levels (∆E), Mulliken electronegativity (χ), absolute hardness (η), absolute softness (σ), chemical potential (Pi), global softness (S), global electrophilicity (ω), additional electronic charge (∆N max ), dipole moment (µ) and total energy E (RB3LYP) after geometrical optimization of the structures of compounds were listed in Table 4 . C-C(close to imine C) (C15-C16) 1.5407 (C4-C5) 1.5412 8.
C-C′(close to imine C) (C41-C35) 1.5409 (C24-C30) 1.5415 9.
Mn-O -(Mn-O3) 1.8571 10.
Mn-O′ -(Mn-O36) 1.8554 11.
Mn-N (imine) -(Mn-N16) 1.8979 12.
Mn-N′ (imine) -(Mn-N23) 1.8960 13.
Mn-N (phen) -(Mn-N58) 1.8931 14.
Mn-N′ (phen) -(Mn-N59) 1.8939 ∠C HOMO and LUMO are two significant parameters derived from molecular orbital approach, which have been found applicable to explain properties of a compound 37 . The energy gap between these two orbital, also called band gap (∆E), was used to establish chemical stability and reactivity of a molecule 38 . In the compounds under investigation, some important molecular orbital for the BENZOEN and the complex 1 were selected to explain the difference that occurred to the various energy characters of BENZOEN when bonded with metal. BENZOEN coordinates to metal ions through the nitrogen of imine, deprotonated oxygen of the hydroxyl group and the two nitrogens of phenanthroline moiety. These atoms carry more charge confirming active sites for coordination. The energy difference between values of absolute softness (σ) in BENZOEN and complex 1 indicates that BENZOEN has a good tendency to chelate with metal ions. The negative values of chemical potential (Pi) in complex 1 indicate that energy must decrease upon accepting electronic charge form BENZOEN. The value of Pi depends upon the Mulliken electronegativity (χ). The increase in the global electrophilicity (ω) value of complex 1 attributed to higher electron accepting capability.
Charge population analysis and electron density plots
Natural charge population analyses of Natural bond orbital (NBO) and Mulliken population analysis are the two well-known scales generally used to find the charge analysis within a molecule. The natural atomic charges under both these scales of the representative BENZOEN and complex 1 are compared in Table 5 , Although the fact that Mulliken scale is not so much reliable in such analysis, the results give a surprising difference between the Mulliken's and the NBO charges, The observed data given in the Table 5 shows that the central metal atom Mn, two carbon atoms C15, C35 and all the hydrogen atoms are positively charged both in NBO and Mulliken analyses. But, some carbon atoms such as C3, C16, C17, C18, C41, C52 and C53 bears positive charge in Mulliken analysis while negative charge in other scale and two carbon atoms C12 and C47 are negatively charged in Mulliken analysis but positively charged in NBO analysis. All the remaining carbon atoms and some electronegative atoms such as N27, N34, O14 and O16 bear negative charges over them in both types of evaluation. These results can be clearly seen in the graphical representation of NBO and Mulliken charges of complex given in Figure 10 and 11. As natural bond orbital are linear combinations of the natural atomic orbital's (NAO's) of two bonded atoms, the natural population analysis comes into play in consideration with Pauli's exclusion principle and solves the basis set dependence problem of the Mulliken population analysis 39, 40 . 
Molecular electrostatic potential analysis (MEP) and contour maps
A well-remarked molecular electrostatic surface potential (MESP) charge regionalization is set up with the help of electron density plot. In that, nucleophilic centers (negative regions), electrophilic sites (positive regions) and neutral loci are pointed out. The potential surface diagrams of ligand and its complex as shown in Figure 12 Thus, on the basis of the elemental analysis, ESI-MS, molar conductance, magnetic suceptibility, electronic spectra, FT-IR, 1 H NMR, 13 C NMR and DFT studies, probable structure of the BENZOEN and complex 1-4 were suggested as below in Figure 13(a-e) .
Corrosion inhibition efficiency
Weight loss measurement
Corrosion inhibition study of ligand BENZOEN and complexes 1-4 was performed by using weight loss measurement method. The concentration of the ligand BENZOEN and their complexes 1-4 were chosen to be 50 ppm. It was observed that ligand BENZOEN exhibits better inhibition efficiency than complex 1-4. This difference in inhibition efficiency was because of the presence of N and O atom in BENZOEN which increases electron density to greater extent as compared to complexes. The results shows that better adsorption of BENZOEN and complex 1-4 on the corroding surface. Interestingly, complex 2 containing Fe(III) metal ion shows much lower efficiencies than the other complexes, this may be attributed to the fact that in case of iron complex, iron itself forms a layer over a corroding surface thus instead of inhibition it itself get corroded. It is apparent that corrosion rate decrease as time passes and corrosion inhibition efficiency increased with time 42 . Corrosion parameters namely, corrosion rate (CR), corrosion inhibition efficiency (η%) and surface coverage (θ) were calculated and shown in Table 6 . A comparative corrosion rate and corrosion efficiency data of all the compounds were presented in Figure 14 and 15. Corrosion inhibition efficiency rate follows the order BENZOEN > 4 > 3 > 1 > 2. Corrosion inhibition efficiency of complex 4 was quite higher than other complexes and slightly smaller than ligand BENZOEN. Since, the manganese complex 1 exhibit highest evolved dioxygen, the initial rate of H 2 O 2 disproportionation by complex 1 was calculated by the further experiment. Plot of evolve dioxygen against time for different concentration of hydrogen peroxide is shown in Figure 17 . An experiment using 1 as catalyst in CH 3 
Kinetics of the H 2 O 2 disproportionation reactions
On experimental data Michaelis Menten equation was applied (Figure 18 and 19 
Antibacterial assessment
All the compounds showed considerable bactericidal activity against E. coli. The in vitro antibacterial activity of the BENZOEN and complex 1-4 were tested using the agar well diffusion method. Amoxicillin was used as positive standards and DMSO was used as negative control for this antibacterial activity. Activities of the ligand and complexes can be explained on the basis of Tweedy's chelation theory 46 . Chelation of Schiff base with metal ion will enhance the lipophilicity of the central metal atom, which subsequently favours its permeation through the lipid layers of the cell membrane and blocking the metal binding sites on enzymes of microorganisms. The growth inhibition zones were measured in diameter (mm) and the results are listed in Table 8 . All the tested compounds showed good antibacterial activity against the selected microorganism E. coli. The obtained results indicate that the complexes were more effective against E. coli under identical experimental conditions. Iron(III) complex has higher bacterial activity than the other complexes. The bioactivity of the ligand and their complexes is found to be order 2 > 3 >1 > 4 > BENZOEN.
Minimum inhibitory concentration (MIC)
The MIC of the complexes and ligand is also displayed in the Table 8 . Since, the MIC is the concentration of the highest dilution tube, in which bacterial growth was absent. It was observed that complex 1-4 has exhibited MIC in between 0.43-0.55 µg/mL, which was higher than standard drug chloramphenicol but lower than amoxicillin. It was also observed that the complex 2 was most active to inhibit bacteria with inhibition zone of 31 mm and also lowest minimum inhibitory concentration of 0.43 µg/mL MIC of the complexes follows trend as 4 > 1 > 3 > 2. 
Conclusion
Synthesis and characterization of BENZOEN and its four mixed ligand complexes of Mn(II), Fe(III), Co(II) and Ni(II) containing 1, 10-phenanthroline as N, N′ donor ligand was studied. The geometries of complexes have also been optimized by DFT and TD-DFT calculations. The corrosion inhibition behavior of ligand and complexes has also been studied for mild steel in 0.5 M HCl medium. Ligand and complex 4 exhibit good anticorrosive activity. The synthesized compounds were also tested as catalysts for H 2 O 2 decomposition. Enzyme kinetics study performed has proved that to some extent these complexes, especially complex 1 in solution mimic like catalase in disproportionation reaction of H 2 O 2 . Antibacterial activity of ligand and complexes indicate that activity of ligand become more pronounced when coordinated with the metal ions. Hence, from all these extensive studies, it may be concluded that some of these complexes could be exploited for the design of novel anticorrosive material, antibacterial drug as well as catalytic material for excavanging of peroxide formed in biological system.
